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"SUMMARY

Three supersonic transport configurations were evaluated with the Beceing
307-80 in-flight dynamic simulation airplane. Typical variable geometry and
delta 35T configurations in landing approach configuration were similated and
evaluated in detail. In addition a variable geometry airplane in an emergency

wings back contiguration (72° sweep) was briefly evaluated.

In this program the basic 33T configurations were evaluated and systems of long-
{tudinal and lateral-directiomal stability augmentation vere developed and
evaluated. (The 72° sweep was tested in the basic configuration only). The
effect of center of gravity position was evaluated with and without longi-
tudinal stability augmentation. Configurations with degraded lateral-direc-
tional stability were evaluated to anticipate the possible variations with S5ST
configuration changes or inaccuracies in esiimating the stability derivatives.

The test configurations are summarized in the table oOn page LA,

The 367-30 simulation is mechanized using the response feedback technique, in
which the pilot's control inputs are modified by the similation computer to
match the dynamics of the simulated airplane control system. The 367-80
stability characteristics are modified by the computer which feeds back the
measured motions ot the 307-30 to the controls 50 that the 307-30 equations of

motion match those of the theoretical S3T configuration.

The initial flight check-out is performed Dy measuring the airplane response
to pulse inputs of each of the controls. The 367-80 flight response is com-

pared to the theoretical SST response, and if the response is not correct, the

™ 1548 LAY
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. In addition to the control pulses, a number of maneuvers were performed by the

evaluation pilots to document each configuration. These are listed below:

Manuever To Document
Airspeed changes 1ift, Drag, Static Stability
Wind-up turn Manuevering characteristics - stick force, deflec-

tion, and angle of attack per "g"

Cross-control sideslip lateral-Directional static stability and control
Step vheél input Roll response and damping
Roll reversal Lateral control power and sensitivity

The simulation documentation data are presented in this document. Overall, the
quality and fiedlity of simulation was very good. Some difficulty was encount-
ered in setting up test configurations which had low longitudinal static sta-
bility. This was caused by the small errors in calibrating the basic 367-80
characteristics and the pitching moment of the thrust reversers and speed
brakes. These configurations required a lot of "cut and try" set-up time, but
they were simulated well. There were also some problems in simulating the
delta and 72° sweep configurations because of the high cross-product-of-inertia.
A transformation was performed between stability and bhody axes vhich gave

approximately correct stability and control response.

The documentation of the 367-80 aerodynamic characteristics for the test con-

figurations flown is given in Appendix 1.

The theoretical SST configurations and supplementary test configurations are

iisted in Appendix 2. The theoretical calculation methods are also given for

i TO IS4 LA}
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TEST CONFIGURATIONS

T R ——

Airplane Configuration Augmentation or Change Page
Variable Geometry
Basic (9.75% static margin) Unaugmented 16
Augnented Longitudinal - response augmentation 35
8E = [——55 ] X @ §co. +1.466
5<0L
. BASIC
Lateral-Directional - yaw damper
SR= -1 &8
( 6+60C ) Longitudinal se .
Augmentation 55:[ ] X4 8coL +1.46 6 +1.50K L3
Col
BAsIC
Aft C. G. 3% static Margin 59
Aft C. G. (8+48% ) Augmentation | Same augmentation as above 70
Degraded Lateral-Directional Né = - .1 30
Dutch roll damping ratio = .05
—
Delta
Basic (2.5% static margin) Unaugmented 85
Augmented Longitudinal - response augmentation | 108
55:[ gfl]x‘}&oL +1.466 + 15
co
BASIC
Lateral-Directional - rolil damper
SwH = - .45 ¢
Forward C. G. 7% static margin 119
Unaugmented
Degraded Lateral-Directional Né = - .1 126
Duth roll damping ratio = .05
Variable Geometry
with wings aft Unaugmenied 130
;;s« L-R3 . L
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S wing area

b wing span -

c mean aerodynamic chord

Nz normal acceleration

g, n load factor

F axial force

T time constant

Wn undamped natural frequency
£ damping ratio

N~ air density
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INTRODUCTION

" The configurations of the supersonic transport (SST) presently proposed are dif-
ferent from any exiesting military or commercial airplanes. The 55T will be a
large gross weight, high inertia airplane. The yaw/roll inertia ratio will be
very high compared to present large airplanes. Preliminary studies by NASA and
Boeing indicated that the SST may encounter control problems because of its
large size and new configurations. These studies showed that there was a need
to conduct a comprehensive evaluation of 35T flying qualities prior to proto-
type construction to evaluate the current SST configuration concepts as well as
some degradations of the airplane characteristics that may develop in future

designs.

Ground -based analog flight simulators are well suited to evaluating the problems
of cruise and instrument flight. At the present time they are not completely
satisfactory for evaluating the problems of low speed approach and landing
because here the pilot relies on a complex combination of airplane motion and
visual cues which cannot be simulated accurately. The simulator also lacks the
psychological environment of danger that a pilot has in flight which forces him
to perform the landing well. The best means of evaluating the problems of the
33T low speed approach and landing is the in-flight dynamic simulator which
gives the pilot a real flight experience with the airplane ccnfiguration under

study.

Boeing conducted a feasibility study in 1963, under NASA contract, which indi-
cated that the Boeing 307-30 airplane could be modified for in-flight dynamic
similation of the SST. The results of this study are given in reference 1 and

2. ‘fne airplane equipment for this simiation was designed and installed in

soemwe | O Po-101
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The 307-30, shown in Fig. 1, is the prototype of the C/KC-135 jet transport/
tenker airplanes and the 707 series of airplanes. The 367-80 is entirely
company owned and has been used as a development test bed for improved flap
systems, autopilot devices, and other airplane equipment. At the present time,
the 367-80 is equipped with a set of boundary layer control (BLC) flaps, instal-
led during the high 1ift development program. These are large chord flaps with
single pivot hinges and have high pressure engine bleed air blown over their
upper surface through ejector nozzles. The wing leading edge has 727 type

slats ard Krueger flaps for maximum high 1ift development. A detailed descrip-
tion of the BIC flap system and the airplane aerodynamic characteristics are

given in references 3 and k.

The 307-80‘15 equipped with a complete hydraulic powered control system. Tais
was installed because the original servo tab control system did not give
adequate control response and resolution at the extreme low speeds possible
with the BIC flaps. A comprehensive roll and yaw axis stability augmentation
system was installed as a part of the povered control system design in order
to provide good flying qualities at low speeds. The design characteristics
of the 367-80 powered control system and the results of a low speed flight

A %

résgarcin program are given in references 5 and 6.

TD 154 L-03
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The 3(7-30 has been ecuipped with an up-to-date cockpit insirument system
‘ similar to that of the Boeing 72¢7. These instruments include:
Cellins FD-108 Flignt Director and Integrated Instrument System
Heading, bank, pitch attitude instrumentation
31ip indicator
VOR/ILS capture and tracking
Altitude and heading hold
SR3 Gyro Compass |
Radio Compass, ADF, and VOR
Fin Tip Airspeed System and Normal Ship's Systenm
Barometric and Radar Altitude
Angle of Attack
Sideslip Angle
Normal Acceleration

Control Deflections and Forces

The 367-30 in-flight dynamic simulation is mechanized in five-degrees-of-
freedom. The pitch, roll, and yaw equations are simulated by control inputs
to the elevator, lateral control, and rudder. - Lirt is similated by inputs to
the wing spoiler type speed brakes and drag by the engine thrust modulators.
There is no simlation of the gide force equation, but both the analytical and
flight evaluation have shown that the side force characteristics of the 367-80

are similar to the airplanes being simulated.

The similation uses the response feedback technique in which the airplane
motions are measured and the signals introduced to the controls to change the

stability derivatives of the 367-80 to match these of the similated airplane.

The simulation computer mechanizes the feedback circuits and also simulates the

™ 154 L83
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) dynamics and authority limits of the airplane control system and engines. The
similation equations and computer functions are described in detail in refer-

ence 7.

The simulation evaluation pilot is located in the right hand seat of the 3¢7-80.
The control column and wheel are identical to these of the left hand seat
except that they have heen disconnected from the airplane control system and
are connected to electrical position transducers. 'The control forces are
provided by artificial feel systems. The wheel has a spring and centering
detent with two pounds break-out and .133 lbs/deg gradient. This centering
spring can be guickly changed Lo provide several different wheel force char-
acteristics. The column has a 4 1/2 pounds break-out force and a variable
force gradient from a hydraulic spring. The evaluation pilot has a single
throttle handle which drives the thrust modulators through the computer. The
evaluation pilot uses the actual 3¢7-30 rudder control system, and the simu-
lation signals are superimposed on the pilot inputs by means of the series

yaw damper,

YD 154 L-A3
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" FLIGHT TESTING FERFORMED

Because of the mechanization of the response feedback technique of simulation
depends on an accurate knowledge of the basic airplane characteristics, the
367-80 test configurations were documented carefully. The longitudinal static

characteristics and speed brake effectiveness were documented by speed stab-

i1ity tests in which the airplane was restabilized at speeds above and below
the trim speed. The longitudinal control response and short period dynamics
were documented by elevator step inputs, and the phugoid was excited and
measured. The lateral-directional static stability and confrol characteristics
vere documented by cross-control sideslips. The roll response and damping
were documented by applying step wheel imputs and measuring the steady-state
roll rate. The Dutch roll and spiral stability were excited and measured.

The thrust modulators were calibrated by flying a series of stabilized con-
ditions at different thrust settings. The data from these tests are presented

in Appendix I.

The simulation configurations were set up on the computer and checked out by
weasuring the airplane response to pulses of the elevator, rudder, lateral
control, and thrust modulators. These pulses were compared to theoretical
caiculations performed by a digital computer. This technique is described

in detail 1n.reference Te

After the simulation configurations had been checked out by the computer, the
airplane characteristics were documented. The longitudinal static character-

1stics were documented by speed stability tests and the maneuvering character-

isties by a wind-up turn. The chort period wac documented by ele

and the longitudinal control response characteristics were measured by pitch

v &

TO 1544 L.A3
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‘reversals in which a control pulse was applied in one direction, followed by

a step in the other. The phugoid oscillation was excited and measured. The
lateral static characteristics were documented by cross-control sideslips. The
roll response and damping were measured by step wheel inputs and the roll con-
trol power and sensitivity were documented by roll reversals similar to the
pitch reversals. The Dutch roll and spiral stability modes were excited and

measured.

TO 1546 L-R3
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s*ce OF T3 msq 20

-
.

"The JASA 20 ccnflgur&tion simulzted by the 357-80 is an advanced version of ‘he

'~SCAT-15 varisble sweep 88T with increased aspe¢t ratie. This confifurstion
‘hao the wings forward st 20 de grees sweeyp (lead ing edze sweep), a landing we1)ht
of 280,000 pounds, and a 135 knots anproach speed. The detsils of the configurse

‘tion and stability‘derivntives are listed in Aprendix 2,

,Thg flight tcat iata or the simulation documentation maneuvers are shown in
'ig 2 to 19. corpared with the thscreticsl MASA 20 characteristics, The d;ta
for the speed stability tests ar: shown in 737.2 =nd 3 . ‘he 367-20 has an

accuract simulatiorn of the Na3A 20 sreed statility und stick force per knot.

The dind—up turn data are stowm iz Tir. b to i6 . The 25770 simulates the
normal aCCeleration versus sngle of attack charactoris sties, h | énd the stick

: defiection andyfbrce per ".a" accura:ely. Tre pitch‘reversai data sre srown in
'313; f-7 f. mhe simulatlon of *he ¢onzi udxnal ron,rol pownv and séﬁsitivit; ig
very gbod; ?he lateral astatic st~ .ilxty ‘charact cris ies are show: in Vige 8 .

The 367-80 cloauly matches the edaL and wheel deflection recuired to hold
r ‘ :

sideslip =nd alao the bank -ngle-sideslip relationsnip, which shows ihzt the

367-30 simulation is correct even though the side force equstion is not ‘mulsbed;‘

v

{ The flight data from ithe wheel steps and reversals are shown in Tig 8 <0 19 .
- The 367-80 matcheé the roll‘reaponse and damping of the NA3A 20 very well, The
"alrplane “ea*onsﬂ to an elevatar ﬁulse is shown fn Vig; 11 to 13 ané the respbnse‘

Vto a rudder pulae in Tig, ;h, ;5 and 16w, These pulse r»‘pon s shew s zood

simulation of ihe NASA 20 cOntrol responsa and dynamic stability characteriatics.
The measured‘}67~80 control force choracteristics used in the MASA 20 similation

~are shown in Tige 17 to -i9¢

T0 156 LA

soemwe | T
SRy i l PAGE 16 ‘}
Y | ‘ . 47000

ey




S

i
{
!
|
"
.
iy
I
{
_+~
17

P DORP 41|.(to|¥l. RS

BASIC
NASA 20
P6-10743

PAUE

}
|
:
13
1
1
;
:
4

T ,d\ uH . T
o oortoa T 00m.ﬂ¢7 BER 2101 1.0 et A
——Tser T ser TR W T
T T T T oo TIOOLLTY T

i
i
'
[
i

|

]

g i !
e Mate SR S T R

,. . H <

|

T ) N : ” o 72 2 o g 2
,o. T ‘/.r/ o .- .q.....u. T “ T O WSRWNT T oa -L9% | NZCJmﬁ.dw.. !.-,1“ R (R

THE BOEING COMPANY

. . v ! : . : [ HES
. ! ' ; B ; . . : Pt
. : ; . . ' i . SRR
; * g : * T
G , . ' : _ , . : : : : 100
. . R S [P . -y B PO i e 4 e e b e P,

L N e ;'.v‘l'r'o!.t.AJk‘l«ix .,‘«41.

f

coLumny VS SPEED
CHARACTERISTICS

&5
&

_SLONX. .~ B\ C13A. CAINOR. R AmwwummDqus

: 5#nu?thmWAunwmwnu vsrkﬂﬁdnunv «
PR ' Lot
: ! . . 4 _ ; P - ;- | <
T I S e e + e - - . : T °
o : P 1 -
o i . N ' ! . [ :
: { Lo ! . . i
RS o ; ; v v ' 1
oo 4 ! . ¢ \ . ! H . : ' L : . . ! L H " A o
L. S [ SRS S SO U S JE T SR S U S b e o B e - . ; Y N -
T B e B S e A B ; ; V , : T R T g
‘ : ! , ! ‘ [ Co IS : ; RS A >
' ' i ! i ! P &
: : : ' X : b *
| : N : H - S
o e T RERE bty e R e . T

i 3 . i . V
. : : 13

R0 U S S - —— ——- . .
’ 1 4 : 7 H
. . i : o
. . . i » :
T T . t

1 4
! ~ 1 '

]‘Y‘A.ll.l'l —— |I1!\:l —r
T _

1
1

TayiLoR

{ASIL LN TS O

R antts st S? SRDEY NS SNSRI Ny

R w. Dmk.miauqtu e
..HM‘ . i
mv

T

! < i

SOURS S S

4
_

SN «_.

A T
.

>+-..-__‘..
|
R
.
!
{
!

CALC
CHECK
APR
APR
_——

TD & C-r4



BASIC
NASA

cQ

P6-10743

FAGEL

18

CFAQINLTY, |-

SdTTT

ST ENYTIS 3T

Tom T

e

o

PR
: 3
5 :
i
T 1
. ;
USSR V-

H
ey

b

- ; f\( .UN, o o R ,
s R A e e R

RO Ad

TR S EONOd TN

t

IS

T

1
S -

———-

i

|

Foun

e

SPEED STABRILITY

STICK FORCE VS SPEED

THE BOEING COMmPAINY

bl
e
{

L

1

¢

REVISED ‘ ‘DATE

S

SE : . i T
SUER R S B S
R 1o, S i P : -
— — 4 . v s
T N T
1 i - - b T
T - ! . 18
R R _ - 1 3
S R . IR 3 o
- e i B e - ; e =
: P ! ' : : i TR O
: . ] i : : b

PR {
T 1.

B T

P

|
|
I
f

1

H
!
L
.
i

-

b

GILEMNDITEI = =

B e

|
T
!

1 i
Poawd . . : H

i

LS3L ~LHOIM -

|

‘«as.nL,J-o r.i...hl‘“...m,._m:" Ll

B o SUDD SHPRS SIS PUSINS S
' T v

- R T
ﬁl_ww!i“r;-w -

. i : s . .
T (D S DU JUO
e 4 1

CHECK

APR

APR

TD &4t C-R4



}
1

Nl C . | 0 M |
A S S S ‘ ! i g
e b e IR n s _ g
v . ! : ! t : ’ 6 MM 1“,
7 ! A _ : . . 7 ‘ i
T "+ T e s ke g gy e - ,m;, -
IR P . no
- i R —_ S SO UUUNE S >n |
. ; , ‘ Nm\ _
e e g e e e ‘i - T T T ———. . - F m\ﬂ m
Fg |7
: : . _ e q w y
B S . , e s
0 . w's e,
14 e B g 1
J! , A . c%& -
't _ede 1z I3 17
{ R - 40 1
z r z v
- - - 1 T T 0-1.1 | ‘W T - o ) ) \.‘ ‘ ~~ rl
8] ’ ] . 2 1 '
W 0O o m ¢ -
B R o e ST B e TR IE T 5
a e Bagen| 9 7
Vw o - ‘% wl 5‘{.‘.‘ Lv. al txb'l ’.!Wnl T o cTThomn T N M
<1 o o
4 ﬁ.lc;xm_.. Tt T f!h.w; 1....W1-i-9 T . u_. aw_ i
. u . . A o
Y ¥ ’ H “
24 0,937 & i .Y R
Jjo g _ T ‘ & | sy |
|35 F22159] « . | I
1 %19 u.-R‘.Esq,E:aifni T e e s e I I e e e e e e e SR
A:ATWCTC.D P
e T . N . S ” :
1) ¢ m n - o P
-~ w .W‘. -
e e i s o = e e s = i e o e+ et JO - — e - - A w 0 | '
! ! 3 !
T e - PR R
f i
i —e - TS @ (SEINOIAY NOTLITTIID RN ATOS T e e MW ” * !
. _ : : iR _ [
b e e e b e 4 b b b b 14 et 6 e 0 et bl e .+ e+ + e e e , _ .u _ ; “ -
. v S it




R N P E T N -1
2 T R S AN R R 7 A 4 Q
.+ . _ _ ; e - D t o : T v & 5

; m . . ; . TR R S S 1G] ~ |3
P b - * t e Aads o = = ey s ; 1 " M » b
: , | : : A . 1 ! | M L >y
“ ! . u i : IH ‘.w, - o
e ~ mye : S e w 4~- e Rk E i,i_T!%: @
i , ' ” . , v >
B i |w ! ! i ﬂ |
e b u...tt . - : o — C R SRNCI — - ANv
e  —— N
ﬁ ‘ “ . A ! b~ >
- “A S, “ ; ; ,“. - “ ' “ T 2
[N N R w v | %
L 3 | ve | %
B B e e I ~in - —._._._T mw
. ; . - +
1ol m : : w g U]
AR g . "R E:
: _ o ; <4 Ju w
o TN i Lamanenenes ettt A SRR A A AL A A T S S P E S B ¢ o
«Mnﬁ,.sm.o.-éj,i_ 40 |8
w N I E w
IE/RENCA R S a— LA
- R
g m . %4
. @ ® 1 . e —— 2
J(.‘-.ﬂn 9 \4’14 4 ZA 4
e <. . Ny ,
- REIER - .
«I.!i&;iwl.l lmclm lal“ - M - - e s m.
. . (%
T - ) W S SR S G
: é

s |
kubc
Ve
T

{FLA
ALT)

e

TRIM
;NtJﬁ
CG ~|

*AcC
NO.

g T

l

i

NO.L

REVISED

| mireland

bn;nl FRPM WiN-

A3
i

: , : - - H
e e e e ey e e —— S T S ; . . S
: i : : : : , i A : : : \ ; i J
: ! ! , . : : . . - ; ey . : :
T _ _ : _ e 6 A/ ~TWIST TWOSE ANTWIEINT TIVIIVI 30T T 1INV, , | q
: , : : ' . : [ SO UUUUURE SR UUN SIS P NPUS PR SRR g T
- e - 1 A R b bt -—— temem LN St Al LI S et M ’ . | ‘ 3 | :
: i ! . ' . ; ! . H
: 4 A —— - ; : R ettt s x
i i : “ ' ; = ! : i u [ | UlSlala
et ek el e - i JESR S SO e — e ~ - - - ; HE - - e . «a}jXlala
! p i . N . ! ; L2 < <
. i j

TN Azt £~ Da



5 . I o e s L.X,»J
B L o , SN NN B S
0

BASIC
NASA 20

i

=

+

t

!

i

o

a
PORS P SIS DU

]

A

e

p6-10743

. . m “ i i s
- . g al
. . H . ' .
i ‘ i N w L : 0 N i
SRR U U S S PR SR S . . : — L :
t ! T ' ; i~ : ; : ; .
S ; : : e : ,
- * 1 ;
T M | 3 IR |
TSRS DUUURINE S S SO - ~ SO - [« SR b et e : , |
o : r y i ! !
e : ) : i I : T ;
N . . .|||. ,/ . : t W ~ - ! f
e . - P - ! _— ¢ - N / - PR nali.qll —— B e \
: ! : )
.!.m ! ! /_ i em i

!

g e
|
e

ACCELERATION VS
C HARACTERISTICS

NASA

Iw

|

!

|
NASA (20
\i’-.\gs RO D
280,000 |
4(.} % | ..

{

1

THE BOEING COMPANY

|

1.22.04.2
CWIN

!

|

{

¥

TED |

D-uP TURN-

!
I
[

FoORCE

NORM AL

361 - 80
30° |
560C
134
150,000
Cas -3

SiMULA

. S ek HTIT
e wi.. WL — b e - - — it R SNSRI RNINUNEDORNSE -
) N . D o —C O O , O - - g - o
o< !ulwinn;/?NilNim . : Q - c
: $d19 o Ie . e e e e e e i e D e e n e e e e e b s OO ]
B et H11 & M.m ~ S D ,,..A.).l - : - : - . - - : ) T B
: yl< k< 5 B 2! . : “ : 3
RN 1B R e a e _ . u
SRR 4 T 0% B0 B v | g ; . e SRR S U S
|u o IEA U R ST S ? R Q . ) .. N RN « ¢ R R, 41.11.”: .1302» e i e ]
IR Co o . : . M B - : - : T
N . ! : : :
- - e e et R Rt e D S — — : M
4 ST (ET) S DEOE RIS TR
PGPS S US4 U SIS S S A S g et = i e e e e« e el e+ e e e 3 e e e st i o e s .
o L : : . : : : : . R P b S
TRt L O v s L O T O FO T S B O N N T -2 e
R R R S S e ek v 4 SeHHHHN

1O «ar C R4



e e el O e e A i O i : —

D6-10743
PN 2*2‘

J e D S Y - -

’ ) . e

e g e e mmmi e e o B et e i e e e i e+ e n -

(BASIC CG~NO SAS){—— ]

R
b\
AN
~
i
! n
; 1
- 12
, '
Q
L ]
w
'
\
N
"
(]
Y

L9 0

N
~8
N X3

e
D]
\
\
ACCELERATION OF THE

i

At e ———— - —tm—. - sa. \ .

'

THE BOEING COMEANY

!

7
}
|
|
!
H
.

A
|
i
i
i
|
i
+

e —————— ——— e e 1

©

[";]
:J3s/viCx~©
B |

O

1

n

,L;s/satz
|
!
e PITLH

AARSA 20

b - et o St i e+ e a1 e e et e et et ke it o ' o b ey b, 8 oo S e A

. , ‘ ‘v - , s.l 4'
\\ . e 4
| ;
- ~ & il i £ 4 Be i e et & aiatb ot X ; X w
| + «
- R SR A N a
" | UG T T -
- g S e —— —— . v ..
: ' a | 1
- S . — - ~ - . . B B . — - - ‘l|‘ — !.!1 — 1!!1.1‘—»;’ e
; - - - = H 2
; ; i o g &
T — .t o ot T by X
, : : ! o ! . ! :
- ! - - ; Sh e - e e—— -t oo ey —F =R TFE—
: ! , : . W
J R e ! { : : 2 _
ﬁ ! ! ' S S ®
i ' ! - N *
- : U U SR SO coeome - L
: 1 , o : = .. rlﬂ- B
]

. ’ T : X RS "
B T IRE, e e e S U S S SO S L . I » i
h H ‘ , , " , ,..qukﬁuﬁw._ﬁgh F=T= v
e e . . . : N . | e 1 oy . L e Bl
) ' : : : ST I D . o ]
- : . : RSO | AU SNRTEIN T I NE SN SRR .23 o7 L 3 NERECRS H 3 o)
. , : . i . m . - S .u - v - I | =) -
T T . e+ ——— ey e et et st e — . : . 10TA4 WS i ' . -
' ' : ' ! T R ) | < — «
' . : 1 H i N A
. S el i i i = u.m ! 2
; e : O <lrja'a 7
: ' . ) 4 A i < & < gnu

q

L



347-80 NASA -20 SIULATED
FLAPS 30° ‘ VASA-20 l
SPEED BRAKES é° :
i Ve 135 KTS. /85 K7TS. ' :
ALTITUDE 5800 FT. .
G.W. /47500485 | 280,00048S ' / Q
c.6. 28.8 % MAC 46 % MAC
TEST NO. £64-3
-1 -
Speoar = NCHES
7 0 s
B — of6.
—0O— FLIGHT TEST DATA
— — CALCULATED s
7 2
F
/70
O wneeL — DEG.
-/5
BANK ANGLE
“— DEG.
-¢5
Flé. 8
— ]
caLe J mevisto | reTi \simucareb
— i g LATERAL - DIRECTIONAL |\ aca'z0
won : STATIC STABILITY D6-10743

PAGE




o

fo}
‘>as/oaq.

Q
1

o
‘9320 ~

0 Q
~ b
NOWLISOd 133HM  Rbw 1O

- Q¢s or ysan O
MWOIL434 03N & -po9 ‘oM AS3L
D %/ O9y Do/, L BT ‘DD
o ‘891000083 | 291 000D ‘Mo
oas . a ‘13 '00¥s L L ERFE ™
*ac 4, S1N Se& SiN g\ 79N
\ o® SANVYES Q3A”As
dS=HL LH91MA 00Ot Sdud
o) S 02 -~ YSUN o8 -12a

.‘ OB -wsun
_ 8 03197 NIg

FIG.9

-
SIMULATED

]

1

42| 32
e
NMM
ul

n

5

P.A.u >
oN | 2
We |
RR %
a3 |9
x| 2
2 w o
oR |&
NG
x
W < :
AN

R

sco | pate

e

CALC

CHRECK

APR

APR




367-80 | NASR-R20 SIMULATED.
FLAPS 30 NASA-20
SPEED BRAKES e
Ve @ . 138 KTS 3% TS
ALTITUDE 4,250 FT. .
S.\W. 165,0001L8S.| 280,000L8%
c.8. BILR%MAC | 46.0YaMAC
TEST NO. b4 -4

WHEEL POSBITION

=30 -i0
.y
ay >
(1Y
-a0l 4% o0
d0
8:
5
0 / .
Flé. 10
e RS -5 .ms:n DATE SIMULATED
CHECX ROLL ACCELERATION InAsA-20
4PR . CHARACTERISTICS
' D6-10743
2 H PAGE




i saweds A FWILL T iz i
e O S é;y;;.fmws::dfﬁigrk%xwihféT%+%+ﬁf

C

BASI
NASA
20
P6-10743 |

SR, N W - (T - T A - R e S - - j o

LLLL?LEL!LAIa.» ?!f:fi?f?/m@riw\ﬁfaiyk
. MOLYARA 3,2 - —* o T
orvAEIE 32— — =

dm...r:niou iocu wm.:._nm

v .‘.'(. - ?Vttlr

TP {Roezeei | oN@mod ] - e i it
T zTonw | —oNIsar— T T T T
e [ g [ yg ey T R M it s vt S R A
T ooooEz | fl.ao.miﬂﬂ.,.,fl.HI_adii T —r——
A IR S Teooe | omanaiamw o f o e e o e
,H ‘A..mﬂl{.f TR IR WIS A i " — m RS B e b pe
T ] T ees I sdwma fo e ey I R R Ca aaaty

° :
T | 92 veYN] T T OBELOE | INVI3 N1V ; w , h ; : m — —
' - ,.«m.. — - . ' " . “y ——t R SR EE SR S - .iz.il.m. .!\; . u.lliw‘i.ni.uo.lmtl‘.u.il“uxa.l< e
: Voo § PN :
_ : ~e A R

1i, ;uu.m\ —

N SV T .h-.@.wD ot Ul {39 )
: ! I WONd ADYL.LY
; 3T I

B e T . S SO S AU S
: L o : E— _ SERS R —_— -

DAY

PERIOO

T

THE BOEING Cow

SHOR
CHARACTERISTICS

l*AU

‘('\l,‘tl

|

i ) ! PR
IRt STSSPP ; -r e — -!r@ﬂﬂﬁ"n“.c.c -
' X ; ' . .

LNDWuP:Dw.EJouAduJ -~ - ,!i_w R

A S lmw.rt.»m:.ﬁ O . L N N P Rk

= |

. m . i EP .

N . e . - . . . v . ' N " e ! M
e !Ji-tl..ai..,- U S xr stk TP S SN SRS S s SRS RPN SELL SN SRS Feell ]

v . S ' ¢ . ' | i ! c IR 1 '

1 1 o ; H [ R 1. ; . , . i ; . : . ! ) ) ' . . v !

- s : : . b } ;

: o, P t ! ’

t R T ¢ . . .

i : ! poe : 1. . -

e g e o B RO . —— . - R (UL .

Co T v PO e S DR SR R :

N : : Lo ]

H e C owa

S Pu WY

CALC
Al




t

Fac,

{‘

RS SR S

_.T‘”‘f“f"? -‘
} :
i

!
i
|
1

—
N e R
21 SR L SUUUS SN SN NS NI SO
T

mdﬁumﬂuu“tmnufﬂanimﬂiﬂgm R R x e D% >
” e : S : - Zz
T . : . : R ot SR w . ‘ 0 «
o ) ah |
L = PR N b e
S R Ot AR I Rt - o]
i S R T S o |
s A ey S SR B S | Cy |¢
o AR £ ] Jor T w z
T T R ; F w
,._mavi R 'QPP(W:W»"II )~ "'l.l !rl.llv0~5 - O
AN AN N S A AR T RN NI | 4 I
| | T T ,thiwli,-f.- OM -
' P ! S - %H
= Eana :
S T
i T

DATE

REVISED

.
-
§ |

PR
i

|

i-
e
=

TAvyior

:

!

.

!

L
N

S SN

¢

SEREY SRS S S

CHECK

CAlC
e




— »ﬂ.b:.mj e

JITLE DO Bt A dnti.lou iouu uP.SL wo»!,ﬂwm b! Rﬂk(jpzr !ﬁ%ﬂz&[ - :_MEL;%WI..I,H«,( mao ole
-1 — " - ov . - P R - . e - . - N . -
” SR -2 AL | awi TNOT 177 7 Amoanl | Dw.rjau..du __,..ill..lr...... EER S D R D mmim +
i T T T ZHoR ! o AsaL .ﬁw T T I T SN SIS AN RO TR IR S < o 2 :
*

St R LR PRNERE R BT ik
—oo'sLI | aweEM T
LQ.. . w.lﬂqlh.._.i T , — T
‘l\ Fogen ﬁt‘wu.t-mamﬁw - rv’- i‘“hl, ..1-@.-!.&?#15.:. M;x.o;!#:.!”., m - i ﬁ

| e sav T

{

i
..L‘
{

i
!
o

{

!
%
!

.

¥
1
t

O N A S8

|
L]
PR
PHUGOID CHARACTERISTICS

s
i

i

T

4
1
i
t
i
-
|
t
I

AVOQ VBN TR

I

THE BOEING COMPANY

o

T

. . . . H

o £ f ' H

e et e S TANE Sp
‘ - r H

H
i
i

i
+

muzOumn... Atﬁwrww. L

illlﬁ!.!dm

DATE

REVISED

R DR, .

i
~_,;,_‘;_4;;;
Tayior

CALC
CHECK

W Eﬁizl Omﬁd..ﬁiﬂ

APR
APR




‘QFS —~ FANIL

S of (¥ oz §7 o/
P-299 "ON LS3IL
2%9» 2X%962 ‘9D
sgrooo‘082 | seroco’css ‘™MD
‘LS OOFE FonLiLrY
SLXY SE/ Si¥ SE/ A
«? SIVVY® QIFIISS
WOF SdvV7
oZ - VYSVN Cg-L9F

(=2 LI £ 424
QILY 71V /S

QILYTNOTVO

ALSIL LMHOD17S

o/

s/

"035/'930 «— FLVY T70¥ " ¢

930 « ¥8 6. 14

Q

N2l o

JalS5| ©

(7|8

SR
3

2

9 z
N &

SRS B
y Q)9
D V)
2 4

S o
QW gz
VR E
NER
LD |
< o
Q s
™

~

<

N

P

by

Q

mi

3

v

Q

[

9l 8l el

M..mmu




7

Leatien S

v-+99 "ON 1S3L
VN L0994 VN L9962 920
£97 000082 SE1000€SI MO
14 ooce dH
S1N SCI SN gt PA
9 | SINVHE Q33dS
. 0€ . SdV 14
02 YSWVN O8-.L9¢
Q3LVINITIVI__ _ e
§€ org
ie3n
LHOINY’

o

]
- 1437

-

934 ~ ITONV di1S30IS ~ £/

292 o
< g | =
3Vl Sle
- Y INEL
YSN%P
i
)
T ¥z
2
= =
- O
U )
L) O |
04 <
5 |&
X
.Lm wo
<S | &
x !
2
-~
< >
-~ 0
i
cmn
MEEIE




v-29

"ON 1931

d3uvINIIVWI ———~

931

()
Moy Yse

IVINLOSP | Dvin %O 62 oD

81 000092 $91000€S! MO

14 0ooce dH

SN S€I SUM SCI SA

«9 | S3NVME Q33dS

OF Sdv4

02 YSVYN 08 -.9¢€

————

23S ~INIL ~ 2

2 ol |

s ISe|El P

Colge(dls

n |53 g

N

0

o

m

© g

Sy

Q 3
o S
L O
o z
n.Us NM,,
20w
AM E

A |
= Z .H
o

P ". ;

N

m i '

Y |
L m

0 | i

ﬁw}lﬂll.uﬂnx;:ri

N m

il H i

"
ui g




[S/IMULATED
NASA - 20

367-80 NASA-20
FLAPS Jo*
SPEED BRAKES &°
Ve /735 kTS 738 k78
ALTITUDE 3 800 Fr.
6. W. 150700485 | 280000285
c.G. 28.7% & $6% C
TEST NO. E64-3 .

DATA FROM WIND UP TURN MANEUVERS

20

/8

/0

FLIGHT TEST DATA

DESIGN VALUE : 4 “%“_

S
o
o / 2 ¢
ém. - DES
Fle. 17
[ o H*‘ STICK FORCE VS. COLUMN wASA-20
1
i T DEFLECTION CHARACTERISTIES g 10713

Aoemwpm - g

THE BCEING COMPANY

FAGE




FLIGHT TEST NO. .

SIM SIMULATED
B ] €65/ -2 ANASA-20
o) &5/ -3
A 6851 -4
A €51 - 4
'40
w
9
~
s
Ihy
W
Q
Q
Q
L}
<
<
Q
Wy
Q
o
1.8 LO .5 [~ -5 A L5

RUDDER PEDAL TRAVEL
é’ — /AN

40

FiG. 18
AL ;—_Y Iy erveze, Losaee ) .S'M;Uarep'
cic | ps Afefes’ ZT D o pDER PEDAL FORCE CHARAC. lyusa-20
cusex ; HLANG 7264
4rR : (RIGHT HANO SEAT ) -10743
APR FAGE

THE BOEING COMPANY 33




- -3
.5 1.0 1.5 2.0 2.5
PEDAL ARM TRAVEL ~INCHES ~ .
100
80 - ; .
n
[}
Z - 60
2
o
- . n- —— -
1
u
U
x
o ;
< =
g
fa)
w
n' .
o . B
. : 5 o I5 \ 20 25
- RUDDER DISPLACEMENT ~ DEG
. Fl6.19
) ] T LATED
caLc REVISED | PATE 1 CALCULATED RUDDER PEDAL WASA-20
CHECK FQRCES (SYSTEM FRICTION
AP NOT INCLUDED.) P6-10743
APR PAGE
THE BOEING COMPANY 3k
TD 441 C-A4 K‘E ‘f::‘“_‘:_@



SIMUZATION OF THE Kisa 208
’fhe NASA 20K is the NAZA EG‘SZT confivuration with the I.nngitudinal and lestersle
:v.\dlr“Cf‘.On&l stahility ausmentation. The longitudinal stability °ugmnntat10n
"cmsists of a pitch rate damper and a columz-to-elevaror gepmn, inerasse ag
.shown below:
.
SE = ‘ xe&':l.%s

5 colamn
Ba.s.. Lc

The pitch rate feedback incremses the short period freguenc and damping to
pi P quency ping
quicken the longitudiral control response. The increase in stiek gearins
compensates for the artificially increased airplane maneuver mergin and keeps

the stick force and deflection per "g" approximately constant,

The lateralodirectionsl stability ausmentation com;iﬂta of & sideslip rote yaw
'} dampay to incr»asa the Dutc‘z roll dumping ratio. "he pat“*-axis sideszlip rate
f T computod ami this signal is 1:1 roauced 'bo the rudder, as shown below:

- -2 g-y

Path

Sna-x,e

Fath

This damper increased the Duteh roll demping ratio from o2 to L3

Simmistion Documentztion:

g 2 The d.ata from the I*:ASA 204 documcnta ion Flight testing are shown in Fig.20 to
- ‘3) o Fip. m and 21 shov t%-e speod stabi lity testing. There is a good °’Lmu1.a-—

4 tion of the stick forcn and deflection per Imot. Fig, m. 23 and ﬁsqow the
wind«»np turn deta, The stick force per "g'*is ':iaulated well, but there is a
‘ﬂ slight mizmatch in the stick de"’lectlon and angie of attack per "g" atove 1,15

‘; g's"'. Data from the plteh reverssl are shown in Fig, 25 e The simulstion of

| NO. 36-10'(&.3 ;
mmrc l +




the NASA 20A control power and sensitivity was very accurate. Fig. 26 shows
the data from the wheel step inputs. The roll rate-wvheel characteristic is
similated very well. Figs. 27 and 28 show the airplane response to an
elevator pulse. The theoretical response is matched well. Fig. 29 shows the
phugoid oscillation. Both the period and damping ratio are simulated well.
Fig. 30 shows the airplane response to a rudder pulse. The airplane control

response and the Dutch roll period and damping are similated well.

TO 1544 LMD

NO D6-10743
BOEING l _),

‘ PAGE 36 + 1000
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(@ +4C) Lonzitudinal Augmentation.

Thé'pitch.rate feednack of
to have a rizh damping ratio (,93%)
véuengy; ?his'heavy damping sopears
aifplane‘responsavand as low static

return in tc irim when displaced,

force per knot to cne-hilf of

as reduced static stadbility.

the shoft period‘ﬁa qulckened but

stick gearing was increased to hold

This augrentation syctem is

confipuration.

is very high.

Simulzation Dogumentation

the F&3A

The increas® in stick rexr

its baszic value, which 2lso agne

In order to overcome these shortcomings of the basic pitch rate longitudinal

augmentation, an anglé of sttack feedback was added, Wwitl the

- the optlmum for quick contr*l response wi‘boat apprecizble overshoot, Tre

constant. The elevator equation is:.
SE = S% 1x4g
' §col

B asic
not naéessarily the opti
Thes feedback was added to the exis ting 9 fe

to show the {mprovement possidie, and as a result the coatrnl sensitivity

shiort period

.

20 A configuration causes the
in addition te the dasired increzsed fre-
to the pilot as a slight slu &vishness in the.

stability, as the airplane iz slow in

P

ne reduces the stick

ars to the rilot

(@ +aX) comnination
the d=mping ratio wags held near.?, which is

the stick deflection and force per "s'

s

1.u6é+ 1.5 40C

mun for the HASA20

lback in order

The flight test data from the (G?d‘) longitudinal augments?

ion aystem docu-

Y — !

mentatlon are shown in Fig. 31 to 39 « compared with the theoreticsl characier-

istics, Fige 31 and 32 show the speed ‘stability testing., Joth the zolumm

™BeLn .

soewe | O P10 .)_
R Y



deflection and stick force per kmot are simﬁlated very prdcisely. These
characteristics are close to those of the basic NASA-20 configuration, as was
desired. Figs. 33 to 35 show the wind-up turn data. The simulation is good
up to 1.25 load factor, but the 367-80 load factor falls off slightly from
the theoretical above this point. Data from the pitch reversal are shown in

Fig. 36. The longitudinal control response was simulated well.

The airplane response to an elevator pulse is shown in Figs. 37 to 39. The

airplane response and the short period and phugoid modes are similated very

accurately.
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Aft C. G.

An aft C. G. configuration vas evaluated with the static margin reduced to 3%.
(Basic HASA-20 static margin = 9.75%). This was implemented by reducing the
value of C_ o(fm -.458 to -.1kl. HNo other derivatives were changed. The
stick gearing and force characteristics were not changed, which reduced the

maneuvering stick force from 31 to 14 1lbs/g.

The flight test data from the simulation documentation maneuvers are showa in
Figs. k0 to 48 , compared with the theorstical characteristics. The speed
stability tests are showm in Figs. 40 and 41 . The 367-80 trim speed for
these tests wvas 3 kts high. The slopes of the column-velocity amd stick force-
velocity curves are slightly differeamt from the predicted characteristics.
This vas caused by the errors in c‘oc’ caused by the speed brakes, thrust
reversers, and errors in the calibration of the basic 367-80 characteristics,
vhich cause difficulty in simulating lov static margin configurations. The
data from a wind-up twrn are shown in Figs. 42 to 4y . There is an
offset in the coclumn-load factor curve caused by the fact that pilot had
trouble trimming this configuration and vas using s 1.5° column deflection to
hold trim speed. The slope of this curve is accurate, however. The angle-
of-attack to maneuver is shown in Fig. 43 . This simulation is accurate up
to a load factor of 1.2 g's. The stick force per "g" is showm in Fiz. Lb,
There is a slight difference in the slope of the two curves, caused by the
static stability error, but the simulatien quality is good. The pitch
reversal data are shown ia Fig. ks . The simlation of the longitudinal
control pover and sensitivity was accurate. The airplane response to an

elevator pulse, introduced by the computer, is shown in Figs. 46 amd 47 .

The initial angle-of-attack response is precise, but there is an error wivss:
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the two after the pulse. This was caused by the 37-4C static 3tability being
higher than that of the NASA-2C aft C. G. The pitch rute response is accurate
for the entire pulse. The phugold characteristics are shown in Fig. 48,
The 307-830 has aprroximately the correct phugoid frequency and damping, but
the airspeed changed because the airplane was not in trim at the start of the

pulse.

There were no lateral-directional documentation maneuvers done for this con-

figuration, as it was identical to the KASA 20A contiguration.
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Aft C. G. - (¢ +8%X) Longitudinal Augmentation

The (6 +68 L) longitudinal augmentation was mechanized with the aft C. G.

configuration to improve tbe.long period and poor control response caused by
the low static margin. With augmentation, the maneuvering stick force was
30 1bs/g, thch is very close to the basic NASA-20 configuration. Because
this augmentation system introduces strong artificial static stability, it

greatly reduces the natural effect of C. G. position.

The flight test data from the simulation documentation meneuvers are shown
in Figs. 49 to 57. The speed stability tests are shown in Figs. 49.and 50.
The 367-30 was trimmed off speed, but the slopes of the column-velocity and
stick force-velocity curves are very accurate. The wind-up turn data are
shown in Figs. 51 to 53. This simulation is good, but the flight test data
does not coincide with the calculated values because of the initial mis-trim.
The data for the pitch reversal are shown in Fig. 54. The simulation of
longitudinal control power and sensitivity is accurate. The response to an
elevator pulse is shown in Figs. 55 and 56.» The 367-80 response matches the
theoretical SST characteristics well. The phugoid characteristics are shown
in Fig. 57. The 30(-30 matches the damping ratio, but the period is about

two seconds long.
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Degraded lateral - Directional

Because the stébility derivatives used in the NASA-20 configuration are only
ﬁheoretical and give excellent lateral-directional flying qualities, a degraded
configuration was tested. This cqnfiguration was chosen to bracket the range
of any computation error and the degradation that might be caused by any

future configuration changes. An adverse faw due to roll rate was introduced
by changing the value of C_. from -.0223 to -.076. This gives a value of

Ré =C . -j%gfi-of -.1, which is representative of current Jet transports inm

the landing approach configuration. The value of Cn . was increased from

O to -.120L to destabilize the Dutch roll to .05 damping ratio, which is also

representative of current jet transports with no yaw &amper.

The (é +AK) longitudinal augmentation was used throughough these tests to
help the pilots to evaluate only the lateral-directional characteristics. The
combination of degraded lateral and basic longitudinal vas evaluated by one

pilot, but no documentation was done for these tests.

The flight test data from the documentation maneuvers of the degraded lateral
NASA 20 (NASA 20B) are shown in Figs. 58 to 60 . No longitudinal docu-
mentation was performed because this configuration was identical to the NASA
20 with (5 +40() augmentation. There was no cross-control sideslip, because
‘ mome of the static derivatives were changed. The data from the wheel steps

and reversals are shown in Pigs. 58 and 59. The steady-state roll rate
characteristics were simulated very accurately. There is a slight error in
the latersl control semsitivity, of about the same magnitude as the basic

NASA 20 configuration. The response to a rudder pulse is shown in Fig. 60 .
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The corresponding theoretical response was not calculated, but this response

shows that the theoretical Dutch roll period and damping were matched well.
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’ Figs. 61 and 62 indicate an accurate similation of the static longitudinal

NASA DELTA

The basic configuration flown in the.progm wvas a representative delta wving
supersonic transport. The geometry and stability derivatives are given in
Appendix 2. As with the RASA 20 the approach speed was 135 kis indicated and
the similation was flown at this speed. There was no stability augmentation

system (SAS) on the basic aircraft.

LONG TTUDINAL DOCUMERTATION

stability. Both the column deflection and stick force versus velocity show
clost agreement with predictéd values. The maneuver characteristics are docu-
mented in Figs. 63, 64 and 65 and shov close agreement wlth calculated results.
Data for these curves vere obtained from a wind-up turm. Due to the large drag
change vith angle of attack (CDOL) of the delta the pilots had difficulty
holding speed in the wind-up turn which accounts for some of the scatter shown.
The elevator response sensitivity is shown in the pitch reversal data of Fig. 66.
Only one data point is shown, as the pilots had trouble with this maneuver and

most of the data had large errors.

DMc response of the aircraft to an elevator input is shown in Figs. 67 to 69.
The short period characterisiics asc showvm in Figs. 67 and 68 indicate close
agreement with the predicted response for the first six seconds of the motion.
At this point the aircraft behaves as if the static stability were larger than
predicted, i.e. the aircraft pitches nose down and the angle of attack returns
toward équilibrium. This error was cause by the pon~linear pitching moment of
the -80 thrust reversers which are driven to change the drag equation terms.

The unaccounted for pitch moment of the thrust reverssrs caused the airceraft

to deviate from the predicted values ol static stebility. As the figures

10 isa L3
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show, the motion is correct for a relatively long time period and the pilot
will not be aware of the problea during active control of the aircraft. The

mtching of initial response and peak values was excellent.

Good phugoid data was difficult to obtain since any slight error in trimming
the aircraft resulted in a velocity drift and gusts disturbed the motion.
Fig.69 shows that the period is off by about 2.0 sec and the damping is essent-

- {ally correct. The small error in period cannot be detected by the pilot as
he is only mildly aware of the phugoid during active aircraft comtrol and

does not see the period at all.

LATERAL-DIRECTIONAL DOCUMENTATION

The static lateral-directional characteristics of the NASA A are shown in Fig.
T0 » The data were obtained from steady sideslips and show good agreement
with the predicted values . The error in Syvs. /5 indicates an error in C ’,d
which is due to inaccuracy in .knov:lng vy e of the basic -80. The roll rate,
obtained as a function ‘of vheel position is shown in Fig. 71 and the roll
acceleration in Fig. 72 . Both of these curves indicate that the simulation
was close to the predicted NASA 4 response in roll. The simulation limits
are dictated by the maximum capability of the -80. Examination of pilot

wheel inputs indicated tbai & mximu= of 15° £w wvaa naed and the input rarely

exceeded 10°. For this|rsnge of vheel, the simulation is excellent.

The dynamic response of the similator to wheel and rudder pulses is shown in
Figs. 73 to 78. The adverse yaw characteristic of the stability axis is
shown in the “ll./ vs t plot. The flight test data falls very close to the
preaictsd values for the first 9 seconds indicating good agreement. The por-

tion of the curve after 10 seconds indiceates a positive spiral stability,

TD 1546 L-R3
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vhile the calculated values are divergent. It ‘15 dificult to determine whether
this is5 a dyni.nic problem or a lateral mistrim. The spiral mode is very
’sensitlve to trim, however the bulk of ‘the flight test material indicates

that the spiral was alightly comrergent.. This should not detract from the
similation during the active co:;tml, approach and flare situation since the

pilot is interested in initial response to his control input.

The roll rate response for the wheel pulge looks good except for the same
spiral convergence after six seconds. The sideslip response indicated the
same trends with close initial sgreement and then a departure from the pre-

dicted due to the spiral.

The dynamic response to rudder inputs shows excellent agreement in sideslip
(note the slight mistrim), roll rate and yaw rate for the first five seconds.
Folloving this period the trace eaxikibits the same spiral convergence noted in
the vheel pulses and a lower dutch roll damping than predicted. These two
results indicate that the value of C g

e
sideslip. High C /,c would result in lower Dutch roll damping and higher spiral

is higher than predicted in the steady

stability.

For both the longitudinal and lateral directional dynamics, the .response to
control appears to be excellent. There are some errors in the free airplane
dynamics in both cases, but since the alircraft va.s t0 be evaluated under active

control, it is the controlled aircraft response that 1s important.

ADDITIONAL PROBLEMS

Since the Delta operates at a low static margin it is necegsary to subtract

out 92% of the basic -30 static stability. As a resuii, a 1% error im the -8C

C, aPpears as & 12.5% error in the Delta Cp < It vas dctermined during
o<
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.

early Delta work t&at the movement of flight personnel longitudinally in the
aircraft was sufficient to produce a very measurable change in the Delta
pitch response. Care was takem to maintain the c.g. position and personpel

movements controlled to maintain correct response.

The non-linear pitching nomﬁt characteristics of the thrust reversers caused
problems in early Delta work. A computer imput to the SST throttle should
produce a nose down pitch for decreased thrust. Flight vork was not consistent,
with & pitch up for certain runs and a pitch down for other runs. Once this
problem wvas understood, care was takem to operate as mich as possible in the

linear area of the curve.:

The Delta flies at a high trim angle of attack in the landing approach con-
dition. It is impossible for the -80 to fly the same pitch altitude so that
in the simulation the pilot is lower than he would be in the actual SST. This
produces two problems. First, his position relative to:the ground at touch-
down is incorrect. There is little to be done to correct this problem and
since the pilots felt that actual ground contact was an important evaluation

point no attempt was made to flare at some point above the runway.

Second, the pilot sees certain motioms differently due to his location and

expressed in the following equations:

= d;d cos o(, + ‘(ifA SIN o,

4’-.0
Vo, = = SIN + Y, Cos

where

X = o, =~

c Fa -8o0
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This indicates a cross-feed of Y, into 4)-80 and 490 into .IV_&). The pilot
sees this as adverse yaw for sharp roll ﬁwts. Since this adverse yaw is a
false cue due to pilot position it was partially removed from the simlation
by using a rudder input wvith vheel (TCP). This technique does not change the
free airplane dynamics and only slightly changes the static respomnse. It

serves to remove the false cue at the point where it is obvious to the pilot;
at a sharp wvheel input. ‘This input also served to correct an apparent error

in the (3,,‘S of the basic -80.
w
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FASA DELTA AUGMENTED

The augmented version of the Delta contained both longitudinal stability aug-
mentation and lateral-directional augmentation. The longitudinal SAS consisted
of pitch rate and angle of attack feedbacks and a columm to elevator gearing
change to minta.in the stick force per "g" constant. The elevator was driven
according to the following expression:

SE = [fi] x4 8¢ + 1466 + 1 o<
5¢J pasic

This system is designed to increase the short period frequency while leaving
the damping ratio approximately constant. In this case the natural frequency

goes from O.75 to 1.46 rad/sec while the damping ratio goes from 0.867 to 0.793.

The lateral-directional augmentation consisted of a roll damper which was imple-

mented according to the following relation:

& =5wp - O.h‘jé

vhere 5v is the pilot wheel input. The lateral-directional augmentation is
P ,
designed to decrease the rolling mode time constant from the basic value of

0.80 to the augmented value of 0.575.

LONGITUDINAL DOCUMENTATION

The static longitudinal characteristics of the NASAAA are shown in Pigs. 7§
to 80 . The agreement with the predicted curves is excellent although there
is con;idemble scatter and there was insufficient data for speeds above trim.
Based upon the :u;formtioh shown in the column deflection vs. velocity curve

and the scourste forne ve. deflection characteristics of the stick, it is safe

to assume that the static calibration should be equally good at higher speeds.
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Figs. 81, 82, and 83 indicate a reasonably go::;d match of the Delta Augmented
maneuver characteristics. There is some error apparent, especially at the
higher load factors. There is also an error apparent in the lift-curve slope
(0( vs. load factor) simulation. Data reduction of the wind-up turn is aiffi-
cult and there is considerable eryor introduced by the manner in which the
Wr was performed. The aircraft was difficult to fly in the vind-up turn

and the high cno(reaulud in high rates of sink to maintain velocity.

Pitch acceleration data indicates excellent simulation of the elevator control
pover and sensitivity. The documentation shown here when used in conjunction
with the Basic NASA Delta documentation indicated that the longitudinal char-

acteristics were similated correctly.

The lateral-directional documentation vas limited since the only change was
the inclusion of the roll dsaper. Both the 1 degree of freedom roll rates

shov that the change in roll damping was correctly simulated.

Fig. 87 shows a typical rudder pulse response to demonstrate the Dutch roll
characteristics of the augmented version of the Delta. As with the longi-
tudinal documentation, the data shown here in conjunction with the Besic

NASA Delta shows that correct simulation was achieved.
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FORWARD C. G.

The static margin of the basic delta configuration was 2.5%. In order to
evaluate the effect of C. G. position on the delta control response, a forward

C. G. configuration wvas selected at 7% static margin.

This configuration was set up and documented and received a short pilot eval-
uation. The testing of this configuration was discontimed because the pilots
reported that the longitudinal control response amplitude wvas too small and

that the forces were extremely high.

The data from the configuration documentation tests are shown in Figs. 88to 93
The speed stability characteristics are shown in Figs. 88 and 89. The

column deflection required to change airspeed is approximately twice the cal-
culated value for this configuration. Calculations show that the static

' margin of the flight test configuration was 35%. It appears that this com-
figuration was not set up correctly on the simulation computer. Figs. 790 to

92 show the wind-up turn data. The angle-of-attack to maneuver is simmlated
correctly, btut the columm deflection and stick force are higher than the

predicted ﬁlnes. Data from the pitch reversals are shown in Fig. 93. These

* dats indicate that the longitudinal control power was higher than calculated,

vhic!i is contradictory to the low response in the speed stability tests.
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NASAA B

The NASA Delta B is a variation on the basic Delta. This configuration had an
‘adverse yaw due to roll rate, n¢; = -.1, and .05 Dutch roll damping ratio. The
value of Cn¢° was increased from -.0049 to -.0352 and the value of Cn,g' was
increased from O to -.138. Since the longitudinal configuration was not changed,

the documentation of the bvasic configuration holds.

The lateral-directional documentation is minimal comsisting of the roll
response data, and a Dutch roll response. Fig. 94 ghows the roll acceler-
ation, and indicates the CI Sw is slightly smaller than expected. However
the peak roll rate shown in Fig. 95 indicates that the roll damping must be
slightly low so that for a given wheel a correct roll response is obtained.
Fig. 96 shows the Dutch roll response with the low damping. The measured
Dutch roll frequency and damping are .990 rad/sec and .055 which compares well

'  with the theoretical values of .982 rad/sec and .05.
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NASA T2

The NASA 72 is a configuratiom representative of a variablé sweep wing SST
with the wings in the full aft position (72° leading edge sweep). The
stability derivatives of this configuretion are presenged in Appendix 2. The
actual aircraft has an approach speed of 180 kts indicated but the simulator
ves flown at 150 kts becauee of the 367-80 structural speed placerds. The
appropriate corrections were made to the equations of motiom to account for

the difference in speed.

The longitudinal cheracteristics of the NASA 72 comnfiguretion measured in
Tlight did not agree well with the theoretical cheracteristics. The column
deflection, stick force, and angle of attack in the wind-up turn were high
and the column deflection and stick force required for airspeed changes were
also high, although there was 2 good match of the elevator pulse response

data.

-

Thege errors vwere caused by the mis-match between the flight speeds of the
367-80 and NASA 72. Also, since this configurestion was evaluated only
briefly, it was not checked-out and tailored as carefully as the others prior

to pilot evmluation.

In order to correci ihsss srrore, the flight test data was used to calculate
the actual HASA T2 configuration flown, using the equatioms and methods of

appendix 2. This configuration is listed im Appendix 2.

The static longitudinal characteristics of the NASA T2 are shown in Fig. 97,
9TA, and 97B. There are good matches of the column deflectiom, stick force,
end angle of attack vs. speed. The maneuvering characteristics, measured in
the wind-up-turn are shown in Fig. 98, 98A, and 98B. There are good matches

of the column deflectionm, stick force, and angle of attack vs. "g" up to 1.4

TO 154 L-R3
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load factor. The longitudinal control sensitivity, measured in the pitch
reversal, is shown in Fig. 99. For the limited data available, there is

good agreement with the theoretical characteristics.

The airplane response to an elevator pulse is shown ia Fig. 100 and 101. The
amplitude of the flight response is slightly higher tham the theoretical

characteristics, but there is good agreement in tike shape of the responses.

The phugoid trace of airspeed, shown in Fig. 102, hes good agreement in
period (short by about 2 seconds) and lower damping then predicted. The
actual value is difficult to determine due to a mistrim of the airplane and

the sensitivity of the phugoid to gusts which disturb the motion).

The static lateral directional characteristics of the NASA 72 are shown in
Fig. 103. The zgreement of all three perameters vs. sideslip is good although

there is a lateral mistrim as indicated by the bank angle vs. sideslip plot.

The latersl coantrol power as represented by roll acceleration vs. wheel posi-
tion is shown in Fig. 104, The mistrim is evident, however, the slopes are
the same indicating a good simmlation of control power. The steady state
roll plots indicate that the roll damping is correct since Figs. 105 and
104 are a comparison between control power and roll damping and the previous

figure ghowed god simuilation of control power alomne.

The dynamic response of the aircraft to a wheel pulse is shown in Figs. 107
to 109. The roll rate response show &n error in the peak roll rate which is
due to a -80 simulation limit. For NASA T2 wheel deflection above about 40°
the rolling moment capability of the -80 drops off. Since most of the pilot
inputs were limited to the area below this, the iimit should not be a degra-

dation of the simulation. The sideslip response is good for the first eignt

seconds. The Dutch roll frequency is off as shown in a1l three figures. The

TO 154 L.03
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-predicted damped frequency is 1.22 rad/sec wnile the flight test shows 1.36
red/sec. Tae error in peak roll rate shifts the yaw rate respomse towards
zero resulting in the curve shown in Fig. 109. The basic wode ghape and

magnitude are good.

Tae rudder inputs show the same basic trends as the wheel respomses. Roll

rate is slightly low at the peak (note that the high roll rate required is
equivalent to abat @ 45° of wheel and is achieved by -80 aileron motion).

The Dutch roll frequency is off as indicated above and the damping appears to

ve low. (The gust response of the aircraft tends to make the Dutch roll demping
less than predicted). The sideslip response is good except for the mistrim
shown. For a linear simulation this curve can be shifted so that the agree-
ment is good. Yaw rate shows the same provlems vith»a mistrim, and the low

peek roll rate tending to separate the predicted and flight test results.

The basic response data of the NASA T2 shows good agreement with digital runms.
Simulation limits in lateral control pover show up in the wheel and rudder
pulses, however, 1if this effect is removed and the mistrim corrected the

response ig excellent.
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3¢7-30 Configuration Documentation

Flight tests were performed in August, 190k (Boeing Test No. Ci3-1 to t43-4)
to document the 307-30 flizht configurations used for 35T simulation. Speed
stability tests were run to document the lift-drag characteristics and the
effect of the spoilers. The thrust reversers were calibrated by holding
constant speed and varying clamshell door angle. The lateral control static
characteristics were measured by cross-control sideslips and the dynamic
characteristics were documented by performing step wheel inputs. The airplane
response tO pulses of all the controls was documented for use in setting up

the simulation computer,

Three configurations were documented in these tests: flaps 30°, BPR 1,
flaps 30°, BPR 4 and flaps 20°, BPR 1. The configuration with BIC was not
used for simulation, so only the data for the BPR 1 configurations are

presented here.

The 1ift and drag characteristics at a number of speed brake deflections are
shown in Figs. 1l3to 11 The elevator-static stability relationsnips meas-
ured in these tests are shown in Figs.llTand 118 . Figs. 119 to 122 are
crosg-plots of the 1i1ft and drag curves which show the speed brake effective-
ness. Fig. 123 is a cross-plot of the e€lcvator curve to show the spoiler
pitching moment. Fig. 124 is a correction of fig. 123 to show the spoiler
pitching moment at constant airplane angle-of-attack. Figs. 125and 126
show the thrust reverser calibration. The thrust curve has been normalized
as the ratio of actual thrust to the thrust at 30° clamshell door angle. In
the elevator curve, the airplanewas initially trimmed at O° clamshell with

0° elevator. The rudder and control wheel required in the c¢ross-control
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sideslips with speed brakes up and down are shown in Figs. 12T to 13 The

roll rate response to wheel step inputs 1s shown in Figs.13land 132 .

Following these tests, the 367-30 was modified from servo tab operated aileron
and elevator controls to powered hydraulic controls. This modification changed
the effectiveness of the elevator and lateral controls. For small deflections
(to 15°), the elevator effectiveness was increased by a factor of 1.2¢ over
the tab elevator. The modified lateral control characteristics are shown in
Fig. 133 This is shown for a trim condition with the speed brakes at °

which was used for 55T simulation.

Iater flight testing also showed that the 3(/-30 had a moderate tail buffet
when the inboard speed brakes were deflected abﬁve 10°. 1In order to prevent
this buffet from degrading the simulation quality, the inboard speed brake
deflection was limited at 10° by the computer while the outboard speed brakes
operated to 1t° for maximum 11ft modulation. The effectiveness ot the inboard
and outboard speed brakes, measured by wind tunnel testing and corrected by

flight test data is shown in Figs. 13kand 135.
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307-80 3tability Derivatives

The 357-80 stability derivatives and dynamic stability characteristics used
for simulation of the NASA 20, NASA A » and NASA 72 85T configurations sre
tabulated on pages 176 to 179 . These derivatives have been updated from

the initial theoretical values by flight testing with the simulation system.
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TONGITUDINAL CEARACTFRIBTICS

367-80
- | might condition NASA-20 NASA-T2
- HASA-4 SIMULATION
: STMULATION , , -
Ve 135 180 Kte
Flap Angle 30° 20°
Weight 150,000 150,900 1bs -
C. G. Location 30 30 Vo
Speed Brake Trim fngle - &° - 6°
Lift Derivatives *
Lraim
Cy 4,9 k.55 2. Y
o trim, 5.45° 5,3°
Drag Derivatives
4 Q
CD frim L1165 0792
¥
Coe | .515 .327 [rad
Pitching Moment Derivatives
c -31.0n8 -1.21 Jrma
i o
C & -261 e /red/sec
cmé Y -.59h -l 25 /red/sec
c -.8 - e
n g¢ 5 y /rud .
Iy 2.25x10 2,25x10 Slug-Ft
Cu o ~+0003 [tt/eec
5vY -

O 156 L0

soswve | %o D6-10743
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HA34-20

NASA -A NASA=72
Simulation R Simolation
Spead Brakes
Cp +.688 RR LS /rad
&s8
CD ) ’0305?3 -00178 /I’Qd
658
Cm 653- $.117 +. 245 /rad
Airsi-ane Dimensions
' »
¥ing area 2821 FvU
“ing Span 1202 7
HAC 20,1 Ft
Loﬁgitqdinal Jynamie Characteristics
Short Period
Undamped ratural frejuency 1.53 1.68 rod/sac
Damped natural frequency 1.09 1.38 rod/see
Damping Ratic «702 698
Undamoed catural frPQJencv 2134 .138 rad/s>¢
Damped natural frequency «129 137 rad/sec
Damping Ratio ‘ 252 .096 .
YO 154 L9y
ST 'NO. D6~107h3
‘ lusi T




36'7-40 Laterai-Circctionsl !

Characteristics
NASA-20

A . MA3A-4 NASA-72

Flicht Condition Simulaztion Simulation

Ve 135 150 TS
Fiap Angle 30° 20¢°
Weisht 150,000 150,000 1bs
Ce G, Location 30 30 2
Speed Zrake Trim angle 6o 6*

Side rorce Derivatives
Cy ~.521 -.828 /rqd
Cy‘j ;1%92’ L0864 /rac aee
Cyv-, L0265 074k /rad/feac
Y8R L1712 SOL7 /rad
Y éa 0 0
CYgse ~.032 ~.0%% /rad
Cy Swh -.0122 -.0128 /rad

Rolling Moment Derivatives v
Cl’ -.1572 -.143 Srad
Cag «1559 -.13% Arad e
oy XX 0817 .0320 Srod/s2c
Clin 0179 .0202 /rad
Cosa .0209 Jrad
Cleco .CHE3 /rnaa
St gwn L0653 077 /rad N

I tg 2.57:(106 2.57%L 6 3lugelt”
g’ﬂ' | ) OTT8 [rad/sec
™ 1w L3

soENE | o ns-larks

8
£

l PAGE




FASA-0 o
KT RECY. NA3A-72

R

, Sirmlatien Simulation
Yowing lozent Derivatives )
Cng #0797 +1167 /rod
Cn‘; o ’ ' | ~.043 -, 027 /rod/zec
Cn & ‘ : C =.0225 ~-.01586 /rad/rec
Cnyg , | =,0L67 -0 . /raijeec
Cngp ‘ ; -.0725 =068 /frad
Chga . | | L0023 o /rod
Cngep ‘ OCh3 . /rad
B gy ’ .C082 .015¢ /rad
) I, | 4.73x10° b, 73x10° SRR IS
.150x120° .150%20" Stuz-vt’
\ XZy, v
| lateral-7ireetional Dymamic Characteristics
“ 3piral Diverzence ‘ ’ -183.8 127. s2C
b Time Canstapﬁ, o (convergant)
~ Roll Convergence = HE5 o 65T sec
Time Constant '
Dutch 2011
Undamped natural frequency «799 , Bk rad/sec
Damped natural frejuency .793 843 d,/s2¢
Dagping Retio <0519 091
P
|
|
- msen - no, D6-107H3
l’l!lﬂﬂlﬂl?l D



APPENDIX 2
55T Test Configurations

Theoretical Calculations

TO 1544 L-R3
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SST TEST CONPIGURATIONS

these tests are tabulated on pages 182 t0185 The supplemental longitudinal

test configurations are summarized on page 186and the lateral configurations

on me 187'0

The methods and equations used to calculate the theoretical SST longitudinal
characteristics and the calculated values are shown on pages 188 to 197. The

lateral-directional calculations are shown on pages 198 to 202.

The theoretical SST stability derivatives and dynamic characteristics used in

TD iS4 LR} .
BoenNG | \° D6-10743
l PAGE 181
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5000

Mom ﬁnt Der*vu~A ves .

DI RLRCIIL) Ny Aorss
Fliknt Jendition  NADA- NiShvA
ve 135 135
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U
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.

: cL‘ = 2,78 /rad
et

-G,
‘ »I‘Gv

%]

Short Period

Damping Ratio

EM oid

Damping Retio

u'cm_nm MASA 72 CONFIGURATION -

(Corrected to Match Flight Data)

Cu = - 625 [rad
= - 000875 '/rtlsqpf

Undamped Ktural Frequency 1.232 rad/sec
Damped Natural Frequemcy 1.124 rad/sec

b1

Undamped Matural Frequeacy .1172 rad/sec
Damped Hatural Frequeacy 1141 rad/sec

232

T 18 LAY

T

Soeme |0 D6-1073

k ’PAGE 183A




oo Y 3k
ST LATLRAL

TR TT: SR
AT R TEYTS

nt Condaition

Ce G, Location

Jide force Derivatives

Derivatives

-.b9:8
LOZ4T
L0692
S11i5

0.

Q.

0086

-~ 5
1.557%10

]
)

o

b3
% Vie

/rad/sec
/rad/sec
/rad

/rad

/rugd
/rad/sag

/rad/seq

/rod

Fud

SY el T
DL L

TReLy

BOEING
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NASL=20 ALl *"7;\33'?2
!ﬂg\psﬁ ¥oment Derivatives o .
Cng .2006 121 .1504 Jrad
Cag -.0223 ~.00h0 -. 0067 /rad/sec
Cnor -.08Th -.102 -.055k /rad/sec
Cngn -.086  ..07h5 -.086 [red
Cagrn o2k oo .o fraa
I, 8 20::106 20::106 ‘2012106 Sl\tg-?ti
sz‘ 0. 0. . Slug-Ft
Leteral-Directional Jynamic Characteristics _
Spiral Divergence 2k Th.Q -17.7 »
Time constent (convergent) = sec
Rell convergence :
Time Constent 48 802 1.7 sec
Duteh Roll o o
Undamped natural frequency .628 .e11 1.24 sec
Damped naturel frequency  .G18 750 1.22 rnd/sec
Demping B +io : ,186 .38 169
o eLas S ,
. Tpe : MIIIVG! NO, D6-107h3
L ! PAGE ' 1B5

47000



\
Modified NASA 72 Configuration
| (Corrected to matcn flight data)
i
F = 66 1bvs
/g
3 Vw
= 00116 / ft/sec
3V / tt/
| Skort Per iod
C/n = 1.232 rad/sec
Phugoid ) i
W, = ,1172 rad/sec
]
;ﬁ
' |
l
o
TD %44 L-R)

'ﬂflﬂc‘ NO  n6_1G i N
lPAGElﬁéA



LATFRAL TEST CONFIGURATIONS

Spiral Roll Con- Dutch Roll
Divergence vergence n <
Airplane Configuration T~ ~ sec T —sec rad/sec
NASA 20 Basic ‘ 349 48 28 | .186
‘HASA 20A | A Damper, Pitch rate + 345 478 621 | .e82
Alpha Aug .
KASA 20B Deteriorated lateral 397 JAug2 62 051
N; = -.1,Pitch Rate +
Afpha Aug.
RASA 20B Deteriorated lateral 397 432 .092 .051
Basic Longitudinpal -
NASA A Basic 4.9 802 B811 .38
NASA A Roll Damper 109.2 573 329 1 .379
Pitch Rate + Alpha Aug.
NASA A Deteriorated Lateral 99.6 .385 982 | .05
fj = -,1 Pitch Rate +
pha Aug.
NASA 72 Basic -17.6 1.7 1.24 §.172
TD 1544 LA -
soemwe | "° P17
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NUMBER
T Eﬂflﬂc CLraPANY ‘QE\"’I iTQ

DC=1C 43
A

THEORETICAL CALCULATIORS
SPEED STABILITY EQUATIONS
ELEVATOR/VELOCTITY
COLUMN/VELOCITY
STICK FORCE VELOCITY

DEEIVATION OF EBCUATIONS:

l'

CL-_: CLo +C,_°(Ao( +CLSE55

Differentiating:

dC. de< d s
dv ~ C"oﬂ av 7 CL&E dv

Rearranging Terms:

JSE dCL
dx _ ~Cre v v a3y
dv CL_,

For Steady->tate Pitching Moment (where © and oK = O);

Differentiating:

d¢ d o d sE

— + C
dt = Cmegy * C/zv msE dv
Substituting Equation 3 into Egquation = for j: .
dJd

Cm -C, d §E dCz_:l + Cp JSE - 6

CLa §e dv dv s dv
Rearrang ing Lorme:s o

) (- R SR
d se - ~Cmudv

v = ¢ ‘ —
dv MKE(l-k C:"%xclSE
Now the 1ift equation is

L= ‘i;i \/2-5‘:L

Difrerentiating:

P ]
7

o = Ts(le‘v' deo o+ vde,)




NUMBER D6-10743
THE E”EI”E compPany REV LIR B

10. Rearranging Terms:

dé. . a2vC X
dv T T T vE T Ty
11. Rearranging and Subsgig:xtmg Equation 10 into Equation T:
dsE - v Com g
dv Cm‘sC‘_“- C..“CL‘G
Therefore:

ASF
For configurations with longitudinal augmentation, the value of v

does not change. The pilot has an additional elevator input to equal to

= :: Aol , The equivalent pilot elevator input is:
ase’ ASE] _ $E s
av.— 4v UNAVGMENTED ax av
26, 2<
v CMO& SE L¢s SE v
- (' + —— Aol °

SHEET 189
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THEORETICAL CALCULATIONS
WIND-UP TURN CHARACTERISTICS

ELEVATOR PER NORMAL ACCELERATION:

From Dynamics of Flight by Etkin (Page 301 - Equation 9.8, 6),

The Elevator Angle in the Turn, A &€, is Given As

n+| '
A8 = (n-l)C Cm“ ’ 2:(1 CL“ Cm‘ Wind-up
te C L. C L‘".T"C"‘“‘“g"‘“’“‘*m ; Turn

This was calculated by a digital computer

Scol.  ASE §col
an ~ An SE
D F _ 8cCol Fs
an ~  an Scol
—
A8E
for configurations with longitudinal augmentation , the wvalue of TI‘T-

does not change. For these configurations, an equivalent value

‘
A8E 8 col aF
of pilot elevator input,———, was calulatsd to ohtain —— and
an ain an

SHEET 190
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NUMBER D6-10743
ve ATAVEIN LS omeanv ) REV LIR B

THEORETICAL CALCULATIONS

PULL-UP CHARACTERISTICS

ELEVATOR PER NORMAL ACCELERATION:

From Dynamics of Flight by Etkin (Page 56 - Equation 3.1, 7)
The Elevator Angle per "g" in a Steady Pull-up is Given as:

9
ASe _ 886 _ Ciolmy+ v Cmg Ciy

n-1 = 2n = C - Pull-up

LSECMO( - CL“CM SE

For configurations with longitudinal stability augmentation, an

equivalent value of pilot elevator input is used:

4 .
ASE ASE] _S5e ax s ¢
= Aot sn =
an ANl ], avementeD , ® an
’ Ci, AbE
Age se | C, 4N ) 8 9
- an reo 2 C T e v
YNAUGMEN Ly o v
Ce,
COLIMN AND STICK FORCE PER NORMAL ACCIZLWRATION:
ASE
IhiuthAbonlluationtor-;%- » the Columm and
Stick Porce per "g" im a Steady Pull-up 1is
Abco  ASE ScoL Col
aAn —  aAn $E -
a F‘ - A SCOL F‘
2n - an Ecol Btick-Force

SHEET 191
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. NUMBER D6-10743
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THEORETICAL CALCULATIONS o
NORMAL ACCELERATION PER ANGLE OF ATTACK

The Normal Acceleration per Angle of Attack, 7 /‘,C , is

Usually Given as

Nz _ Cuig

However, this Equation Neglects Lift Due to Elevator Deflection,
Which cen be Substantial at Times. To Compensate For the Elevator Lift,
the C| Term in the Above Equation May be Replaced by an Effective (| «

Which Varies with Elevator Deflection.

SE
CLOLEFF-:CLO(+AO(_ CLBE =Crgt o

Using this Term for v in the Top Equation Results in

‘ Se Nz
Mz_Cigeer _ Cloc* Nz L Ctse

o( CLo CLO

Rearranging Terms:

Nz _ CLd/go

—————

AT CONSTANT SPEED

o |- Cise
Nz Ci,
NOTE: Nz /€ Will Vary for a Steady Pull-up and & Wind-up

Turn Since it Includes the § E/ 77 Term.

D6-107L3
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THEORETICAL CAILCULATIONS - STEADY SIDESLIP

Derivation of Equations:

Four degrees of freedom are used for analysis -

only static terms are considered

1. Yawing moment

EN=0 = Cnﬂo +Cn5R SR-rCnéWH SWH

2. Lift
$Fz=0=Li,rT-W COS ¢
3. Side Force
-0 = W
EFy=0=Cy, P+ Cygr SR +gs SIN ¢

L, rolling momcnt

¢L=0= Coy B+Cp gy SWH+Coep SR

SHEET D6-10T43
Page 193
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NUMBER  D6-107h3
REV LTR

Calculation of rudder and wheel required:

From 1 and k,

Casr SR+ CoguudWH=-Cy5 73

SR _ g Cspnt s Cnswa
/3

Cnsr CJJWH—CT’5WH Cesr
SWH

3

CnsrCoswn~Cngwh CsR

Calculation of vank angle:

From 3,

W__ ~~
%_CLI? 5’N¢~¢

Cy, 3+ Cygg8R+C 4 § =0
l

= - a.—!—} [Cymﬂ-r CYSR SR]

¢ - L SR
E—JCALC— CLig [CY0+ Cvsr* 3 ]

Lol

SHEET
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THEORETICAL CALCULATIONS - ROLL RATE

Rolling moment equation:

I
535 ® = Clgun SWHTCr B+ Cp o SR+ 7sb‘sfz+q¢¢+qy¢

For steady state roll rate, @ = O

. Jxz ot
qus— CI¢ [CISWH 5WH+C1/3K3+C1§R 5R+ij’%+ 25b "/’.J

The theoretical value of ¢55 was caiculated by an IBM program which couputes

the airplane response to a step waeel input in three-degrees-of-freedom. L

On the NASA A and NASA 72 configurations, it was difficult to measure the
steady-state roll rate correctly because of the high inertia cross-product
term. On these configurations, a one-degree-of freedom roll rate was used.

This was calculated from the roll and yaw eguations, assuming that ¥ and ,5

are O:
Cl¢¢+%’;i V== Cpgn SWH
C77¢¢ -ﬁ ¥ = - CWSWH SWH
b lswigas <;}51: * Cngwn {;’gzb
e "% 38 - e
43 __Swn* Cngwy JIsz
it *Ced *Cng FE
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PUPARED D610TL3

X . . - O —
In reducting the data, 47 was measured at a point where \// was zero and
the weasured value of ¢ was corrected for the measured sideslip:

J
; Cep* T2 Cnp
Griucnut = Pugas + -3
C + J xZ
TEST A ¢ Cng ¢
THEORETICAL CALCULATIONS - ROLL ACCELERATION
The roll reversal data was measured at a point where ¢,v,R3 =0,
The rcll and yaw equations become:
Ix ) sz e
- == - C
356 ® T gse ¥ 7T Shswu S
\sz .e ce - C
o n SWH
45b ¢ - 1— S b = SWH
. C 1z +C Jxz
¢ - “Aswy §3b hSWH ?—zsno
SwH - IxIz Jxz
CALC TN o
(#sb) ($Sb)?
. Jxz
¢ - Ctswyt Cngwy Iz
SWH Ix _ Jxz?
If the maneuver was not performed correctly, the measured value of 21)
was corrected:
Jxz sz .
: = ¢ (Cop + 5= Cnp )3 + (G + 5= Cony) ¥
¢ ;Lég:'r = MEAS Ix _ J‘)LZZ
‘1 Sb FSb
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| THEORETICAL LATERAL-DIRECTIONAL CHARACTERISTICS
&P, Swh Qb
CONFIGURATION 4%3 1n//dfg / s %wu / swi
: NASA 20 .343 -0.309 1.35 .439/sec J..Ojb'/sece‘r
NASA 20A 0.Lh4k/sec
| NASA 20B 0.335/sec
co— s gy e —
* 2
NASA & .602 ~0.209 837 1.23/sec, 1.26/sec
NASA A A ' : .79/ seg
NASA AB ' 1.43 /sec
NASA T2 0.619 -0.228 14,66 0.530/sec 0.343/sec®
* — corrected to 1D value
S
TD 1546 L-R)
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